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Education plays an important role in helping developing 
nations reduce poverty and improving quality of life. 
Ubiquitous and mobile technologies could greatly enhance 
education in such regions by providing augmented access to 
learning. This paper presents a three-year iterative study 
where a ubiquitous sensor based learning platform was 
designed, developed and tested to support science learning 
among primary school students in underprivileged Northern 
Thailand. 7KH SODWIRUP LV EXLOW XSRQ WKH VFKRRO¶V H[LVWLQJ
mobile devices and was expanded to include sensor-based 
technology. Throughout the iterative design process, 
observations, interviews and group discussions were carried 
out with stakeholders. This lead to key reflections and design 
concepts such as the value of injecting anthropomorphic 
qualities into the learning device and providing personally 
and culturally relevant learning experiences through 
technology. Overall, the results outlined in this paper help 
contribute to knowledge regarding the design, development 
and implementation of ubiquitous sensor-based technology 
to support learning. 
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INTRODUCTION 
Nearly one billion people have been lifted out of 
extreme poverty in the past two decades and the UN has set 
a goal to eradicate extreme poverty globally by 2030. 
Education plays an important role in ending poverty and we 
have seen the HCI and other research communities 
contributing to this effort by designing innovative 
educational technologies [2, 15, 34, 42, 50, 57]. As 
developing countries strive to improve the quality of life of 
their people, they are faced with the challenge of moving 
from resource-driven growth dependent on cheap labour to 
growth based on high productivity and innovation. Hence, in 
addition to providing basic literacy, education also needs to 
help students GHYHORS³KLJKHUOHYHOVNLOOV´VXFKDVSUREOHP-
solving, critical thinking and content creation to enable them 
to work creatively and collaborate more effectively with 
others[1, 34]. There is also a challenge to educate students to 
PDNH XVH RI WKH ULFK GDWD LQ WRGD\¶V GLJLWDO VRFLHW\ ZKHUH
communication and information is pervasive. These so-
called VNLOOV LQ ³GLJLWDO OLWHUDF\´ UHIHU to the knowledge, 
attitude and ability to understand and make productive use of 
information and tools in the digital world [9, 13]. However, 
students from around the world, particularly in developing 
countries, lack such skills and knowledge [33, 56]. The 
World Economic Forum report showed that many students 
in underdeveloped areas are not getting the education they 
need to develop their ³21st century skills´ when compared to 
developed countries [62]. In fact, many developing countries 
are still struggling to improve basic skills in literacy, 
numeracy, and science [33], especially given the disparity of 
educational attainment between students in urban and rural 
areas. In Thailand for instance, there has been an increasing 
interest in improving educational performance among 
schools in underdeveloped rural areas [38, 40].  This urgency 
has been further prompted by a round of academic 
assessments from PISA which showed a drop in overall 
student performance in Thailand and indicated that the 
majority of those who underperformed came from 
underprivileged schools in rural areas [25, 37, 39].  
As access to low-cost electronics, sensor technologies and 
mobile devices increases and data-communication coverage 
continues to expand throughout the globe, education in 
developing countries could benefit substantially from 
advancements in ubiquitous learning and mobile 
technologies. Such technology allows high quality 
educational information to be seamlessly integrated and 
shared within a local learning environment providing 
students with an enhanced learning experience, which could 
lead to improvements in their overall educational outcome 
[51]. Therefore, the aim of our research project is to 
understand more about how a novel educational platform 
based on ubiquitous learning and mobile technology can be 
designed to facilitate education for school children in 
underdeveloped areas, with a focus on Thailand.  
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More specifically, the objectives of this study are to: 
1) Identify opportunities in which technology can be used to 
augment the existing educational context of schools situated 
in undeveloped regions in Thailand 
2) Design, develop and evaluate an educational platform 
based on ubiquitous learning and mobile technology and 
ensure that it could be implemented within an authentic 
learning context in rural Thailand. 
3) Identify key principles on how such a platform can be 
effectively designed and implemented to facilitate education 
for younger students at rural schools in Thailand.   
Overall, the contributions of this paper are as follows. First, 
we outline the process in which a novel ubiquitous sensor-
based learning platform was iterative designed, developed 
and refined to facilitate education for young students. In 
particular, we demonstrate how such technology could be 
designed and used as part of learning activities for schools in 
Northern Thailand. Prior studies utilizing such technologies 
tend to focus on the higher education context and within 
developed countries. Finally, key reflections which emerged 
from the various observations, group discussions and 
interviews carried out during the study process as 
participants engaged with the platform are highlighted, 
contributing further knowledge regarding the interactions  of  
young users with a ubiquitous sensor-based  learning 
platform. 
RELATED WORK  
ICT4D in Education 
There have been significant research interests in ICT4D 
(Information and Communications Technologies for 
Development) in the area of education [20]. While earlier 
ICT4D research focused on tackling poverty and improving 
education through the expansion of the telecommunication 
infrastructure, ICT4D 2.0 aims to achieve this by utilising the 
power of low-cost devices such as mobile phones and web 
2.0 technologies to help improve access to educational 
content and allow students to become more active learners 
[20, 53]. In fact, several researchers have highlighted how 
such technologies are effective in improving the quality and 
equality of education in underdeveloped regions [57]. For 
instance, studies have demonstrated how the increased 
accessibility and flexibility from mobile devices can help 
reduce barriers to education and facilitate student-cantered 
exploratory learning [32, 57].  
A high profile project which aimed to help improve 
educational quality in rural areas was the One Laptop per 
&KLOG 2/3& SURJUDP ZKHUH LQH[SHQVLYH ³;2 ODSWRSV´
with multimedia and education software were distributed 
across 36 developing countries. A similar project has also 
been recently deployed in Thailand. With the aim of 
addressing educational inequality, the Thai government 
distributed more than 800,000 tablets to first graders (6 year 
old studentsQDWLRQZLGHLQXQGHUWKH³2QH7DEOHW3HU 
&KLOG´ 273& LQLWLDWLYH [35]. However, this project was 
discontinued due to insufficient results demonstrating its 
effectiveness. In many cases, students interacted with the 
tablet passively and only used it to read E-books or watch 
videos from the Internet [44]. These findings echoed those 
from studies which examined the use of mobile computers in 
developing regions, as it was reported that even though such 
initiatives dramatically increased technology access, 
motivation in learning and helped improve computer skills, 
there were no statistically significant effects on academic 
achievement and cognitive skills improvement [8, 58]. It was 
claimed that the lack of success was due to the lack of in-
depth understanding of the local context [59]. 
Overall, this topic of improving educational quality in 
developing regions through affordable technology has been 
recognised as a key interest area within the HCI community 
[14, 29, 42, 50]. In particular, prior studies have suggested 
that mobile technology could play a key role in this regard.  
For instance, one study has shown that in Panama, mobile 
devices could be used to help support content creation 
activities which can lead to creative teaching and learning 
opportunities in underprivileged schools [3]. Positive 
outcomes of mobile learning were also reported in the rural 
Uruguayan school context and the importance of improving 
interaction design to meet local context requirements was 
explicitly highlighted [21].  
Ubiquitous Learning 
As higher access to low-cost mobile devices allows more 
people to adopt them for learning, they will benefit from the 
emerging trend of ubiquitous learning, where learners are 
able to obtain educational information at anytime and 
anywhere, whenever they are needed [24, 54]. Moreover, as 
the technology used to implement ubiquitous learning 
increases in sophistication, the line between the physical and 
digital learning environment becomes less pronounced. This 
allows for the creation of mixed reality learning 
environments which provides more opportunities for 
students to engage in authentic learning activities [49]. A key 
advantage of ubiquitous learning is in providing more 
accessibility and flexibility in education as well as helping 
facilitate student-centred and exploratory learning [32, 57]. 
Furthermore, by linking digital content to the physical world, 
students could acquire knowledge through a form of 
³DXJPHQWHG OHDUQLQJ´ [10], allowing them to learn from a 
relevant environment. An example of this is the Ambient 
Wood project which was designed to help promote 
augmented learning and encouraged students to reflect on 
and learn from physical experiences [48]. Students were 
presented with various forms of digital augmentation 
through several types of devices used in the forest.  
Previously, ubiquitous learning environments had been 
implemented through mobile phones and smart tags (QR 
code and RFID) [9, 19]. Following the rapid development of 
low-cost computing technology however, a number of 
sensor-based learning devices have been developed to 
enhance the ubiquitous learning experience. (See [28] for an 
example).  
In regards to the design of such technologies, a number of 
approaches have been adopted to enhance its value in 
learning. With young children in particular, studies showed 
that incorporating a playful approach towards learning could 
be valuable. In many cases, such devices utilized 
anthropomorphic aspects to both appeal and engage young 
learners (such as in the case of smart toys used in learning 
etc. [5, 17, 31, 43]). Another example can be seen from 
robots used as learning companions. Studies showed how 
using such technology in education to interact with students 
through human-like qualities (i.e. helping teacher to convey 
the learning contents) can enhance learning experience and 
outcome [63].  
Another advantage of ubiquitous technology is to encourage 
a form of social interaction in learning. For instance, one 
study found mobile computing to be an effective tool to 
promote social interactions such as face-to-face 
communication, discussions and negotiations between 
young students during the lessons [64]. Tablet computers in 
particular have been used to teach social skills to children 
with special needs, through collaborative storytelling and 
music composition activities made possible through joint 
interactions on multi-touch tablets [22]. Ubiquitous sensors-
based devices in the meanwhile have been used to support 
reflection and communication between family members [11].  
Given the potential of ubiquitous learning technology in 
supporting education and the emerging interest to improve 
learning in underdeveloped areas, a three-year iterative study 
was carried out to understand more about how such 
technology could be designed and implemented to support 
education in rural Thailand.  In this paper, we report the 
findings of how a sensor-based ubiquitous learning platform 
was designed and used to facilitate science education in 
Thailand. Furthermore, we investigated how this platform 
could be integrated effectively into a rural primary school 
education context, taking into account how both students and 
teachers perceive the use of this platform within and beyond 
the classroom.  
 
Figure 1. A system diagram for OBSY 
METHODS 
We iteratively designed, developed and tested OBSY an 
Observation Learning Systems prototype through a user- 
centred design approach (Figure 1). The OBSY system 
includes a ubiquitous sensor-based device that was designed 
to resemble a cartoon octopus and a mobile web application 
which was hosted from the device. The system was designed 
to allow primary school students to learn key science 
concepts by collecting environmental data through the 
various sensors attached to the OBSY device and then 
interpreting the data from the web application accessed using 
tablet computers.  
Throughout a period of three years (Oct 2013- April 2016), 
three studies were carried out, involving various stakeholders 
such as teachers, head teachers and the students themselves 
which contributed to the design and development of the 
OBSY system. The data from these studies formed the basis 
of the findings described in this paper. Specifically, we 
conducted an initial user context study where students 
(N=210) and teachers (N=8) from 2 urban and 2 rural schools 
in the Northern Thailand were surveyed and later observed 
and interviewed on their use of the OTPC tablets. Based on 
the findings, the first prototype of OBSY was created and 
then used in a feasibility study to investigate the overall 
perception towards the prototype and assess learning 
engagement. The feedback from this study was then used to 
revisH2%6<¶VGHVLJQ7KHILQDOSURtotype was created and 
used in a final evaluation study involving 4 rural schools with 
244 students and 8 teachers. In this study, OBSY was used 
to conduct three science related learning activities with third 
grade students (aged 6-9) after which interviews and 
discussion groups were carried out. Figure 2 illustrates the 
studies carried out throughout this project. 
 
Figure 2. A summary of the studies carried out with OBSY  
In this paper, we first discuss how the results from the first 
study (the user context study) helped conceptualize and lead 
to the initial design of OBSY. Then, aspects related to the 
design and technical development of OBSY and the results 
of the feasibility study are discussed. Finally, the results, 
findings and reflections from the various interviews, group 
discussions and observations carried out during the 
feasibility study and the final evaluation study are analysed 
and discussed in depth as key reflections. 
7KH VWXG\ ZDV DSSURYHG E\ WKH UHVHDUFKHUV¶ university 
research ethics committee. Written consent was granted by 
WKH VFKRROV¶ GLUHFWRUV ,Q7KDL VFKRROV WKH VFKRROGLUHFWRU
and class teachers act as key people with the responsibility 
to take care of all students in their school.  Written consent 
was provided on behalf of the parents, including permission 
for video and audio recording. To minimize the disturbance 
of normal school days and lessons, we only conducted the 
studies (observation, interview and questionnaire sessions) 
during a specific one-hour slot dedicated to the VWXGHQWV¶
independent study. The independent study class is organized 
twice a week. 
RESULTS 
Study 1: User context study  
The purpose of the first study was to understand how the 
students and teachers currently approached and used the 
distributed tablet computers as part of their local educational 
program and to learn more about the problems encountered 
when implementing mobile learning technologies (both 
technical and organizational related). This was done to gain 
a better understanding of what kind of design would be 
suitable for the local learning context. Overall, the 
quantitative results of the questionnaires administered in 
Study 1 showed visual learning to be the most favourable 
learning style for the students [44].  In particular, the study 
showed that rural students had higher anxiety in tablet-based 
learning than urban students. In the observations and 
discussions carried out with teachers, they felt that the use of 
tablets in 7KDL VFKRROV IRFXVHG WRRPXFKRQ WKH ³OHDUQLQJ
FRQWHQW´ZKHUHLQPDQ\FDVHVVWXGHQWVMXVWSDVVLYHO\UHDGH-
books on the tablet. In particularly, the teachers struggled to 
integrate the tablets with the local lesson plan as the learning 
content offered on the tablet was too generalised and not 
easily customisable to fit the local context. There was also a 
preference for learning which not only improves VWXGHQWV¶
knowledge in specific subject areas but also help them 
develop their soft skills (e.g. critical thinking) [44], [58].  In 
addition, schools in rural areas tend to have limited budget, 
lack modern teaching equipment for science education and 
have unreliable technological infrastructure [37]. 
Designing the OBSY prototype.  
Taking into account all the aforementioned issues from the 
user context study, three key design objectives were used to 
guide the initial design of the OBSY prototype. 
x Provide active learning with augmented information. 
The original OTPC learning plans focused too much on 
passive learning activities and providing a more active 
learning environment was necessary [46].  In particular, 
providing learning activities that students could actively 
participate in and improve their soft-skills while 
obtaining knowledge relating to their subject domain 
was preferred. As such, technology that could provide a 
ubiquitous learning experience would be beneficial (i.e. 
provide active learning activities augmented by 
information relating to the taught subject) [46]. 
 
x Provide an affordable learning system capable of 
integration with the local education environment.   
Due to the limited budget of the schools, an affordable 
low-cost platform was required. The system would need 
to be able to function even when internet connection is 
unstable or unavailable [45]. In addition, the system 
would preferably allow students to more easily relate 
generalized knowledge from the school curriculum to in 
their local environment  
x Provide a child-friendly learning system to reduce 
anxiety and motivate learning. A more approachable 
and child-friendly learning tool was needed to help 
reduce the barriers towards accepting new technology. 
In particularly, the technology would need to appeal to 
students who have high anxiety towards traditional 
technological devices.  Ideally, students should not see 
the learning tool as a technology [46]. 
Based on this, the OBSY system was developed as a low-
cost ubiquitous sensor-based device and a mobile web 
application to help facilitate learning for primary school 
students. In particular, the prototype was developed to 
facilitate science and math education. There was particular 
interest to improve the quality of education for rural students 
in these subjects due to the recent national education policy 
(based on the latest PISA test scores) [25], which were also 
echoed in the interviews with teachers and administrators. In 
addition, the learning activities within these subject areas 
were also particularly suited towards the identified design 
objectives. 
Development of the OBSY prototype 
The form factor of the OBSY sensor device was designed to 
UHVHPEOH D FDUWRRQ ³RFWRSXV´ 6HH )LJXUH 1). The main 
reason for this design was to create a more approachable 
learning device which would appeal to young learners. Thus 
we suspect that a device which resembles cartoon character 
dolls (which children generally play with) would be 
beneficial in this regard. The parts of OBSY were created 
WKURXJK'SULQWLQJ7KHYDULRXV³WHQWDFOHV´RQWhe octopus 
represented sensors attached to the device, allowing OBSY 
to gather data from the surrounding environment The type of 
sensors attached to OBSY were selected based on the 
primary school curriculum [26](moisture and temperature 
sensors to teach plant growth etc.).  
A Raspberry Pi (model B+), an inexpensive, small sized, 
single board computer was XVHGDVWKH³EUDLQ´RIWKHV\VWHP
and is connected to a video camera and various sensors (such 
as a temperature, humidity and light intensity sensor). To 
address the problems of unstable (or lack of) internet 
connection, OBSY also operates as a web server, hosting 
web applications which visualize real-time sensor data for 
client tablet computers. A mobile web application on the 
tablet was created using HTML5, JavaScript and PHP. The 
user interface was designed with a vivid visual style to appeal 
to young learners (see Figure 3). 
 Figure 3. The User Interface of the mobile web application of 
OBSY, showing the status page (top), camera page (middle) 
and the image gallery (bottom) 
The application consists of three screens: i) the main screen 
which shows real-time video captured from the OBSY 
device and displays data from all the sensors, ii) the camera 
screen which allows students to capture pictures from the 
current video observation and iii) the gallery screen where 
students can check and organize all the captured images. 
These images are presented with cartoon visualizations of 
data such as the time, day/night, temperature, humidity. 
Study 2: The feasibility study and refinement of OBSY 
The OBSY prototype was then used to carry out an initial 
feasibility test with the aim of exploring user engagement 
DQG DVVHVVLQJ 2%6<¶V SRWHQWLDO LQ VXSSRUWLQJ OHDUQLQJ
through scientific experiments. A mock lesson plan was 
prepared in which students were asked to use OBSY to carry 
out a simple science learning activity to gather evidence to 
GLVWLQJXLVKEHWZHHQD³OLYLQJ´DQG³QRQ-OLYLQJ´WKLQJ7KLV
LQYROYHGVWXGHQWVXVLQJ2%6<WRREVHUYHJURZLQJEHDQV³D
living thLQJ´DQGURFNV³DQRQ-OLYLQJ WKLQJ´ WKURXJK WKH
live video stream and captured images and then deciding if it 
was living or non-living (Figure 4). 
Observations were carried out while the students were using 
OBSY. Afterwards, questionnaires and interview sessions 
were carried out in which students were asked about their 
SHUFHSWLRQRI2%6<TXHVWLRQVLQFOXGHG2%6<¶VDHVWKHWLF
qualities, the overall design, issues related to usability etc.) 
as well as their general experience in using OBSY to carry 
out the learning activities. Finally, participants were 
involved in brainstorm sessions on how they would like to 
see OBSY improved and how they would envisage using 
OBSY outside a classroom context. 
 
Figure 4:  Students engaging with OBSY during the feasibility 
study 
 
Figure 5. The OBSY 2.0 device 
The results from the feasibility test showed that the students 
were generally enthusiastic about using OBSY. Based on the 
results from this study, the OBSY device, mobile application 
and learning activities were iteratively refined. Apart from 
making changes to improve usability (improving the 
navigation structure of the application, etc.), the features and 
functionalities of OBSY were improved to expand the range 
of scientific concepts that could be explored with OBSY. 
This was done to better align OBSY to the local school 
curriculum. A function was added to let students set a photo 
timer to capture what happens in the science experiment 
when they are absent from school. In addition, two soil 
moisture sensors were added to expand the learning context 
EH\RQG³OLYLQJDQGQRQ-OLYLQJ´WKLQJV (See Figure 5).  
Study 3:  Evaluation study 
The updated version of OBSY was then used in a final 
evaluation study in four government-supported rural schools 
with 244 students and 8 teachers. These schools are located 
close to the Chiang Rai border and the majority of the 
students are of Akha ethnicity, a disadvantaged ethnic hill 
tribe who live in the highlands of ChiDQJ5DL¶VPRXQWDLQV
extending through Myanmar, Laos and China. Tribal 
students generally use their own language but are able to 
speak Thai. However, they often lack the ability to read and 
write in the Thai language. This study consists of two parts: 
a controlled experiment study and a qualitative evaluation. 
In the experiment study learning activity, participants were 
divided into two groups. In each school, approximately 4 
groups of 8 students (4 boys and 4 girls) participated. Four 
OBSYs devices were used in each school. The OBSY group 
(N=116) used OBSY to conduct the three science learning 
activities. These activities includH ³Hello Mouldy´ ZKHUH
students study and investigate how mould grows, ³My Little 
Mushroom´ ZKHUH VWXGHQWV investigate what makes 
mushroom grow in different conditions and ³Light Up´
where students investigate and understand how light 
interacts with various objects (see Figure 6). The control 
group (N=128) carried out the same activities without OBSY 
using paper and pen. 
 
Figure 6. Students using OBSY to carry out the three science 
learning activities 
In the experiment study, the effectiveness of OBSY in 
facilitating learning outcome was measured using concept 
maps and assessment tests. Overall, the experiment results 
showed significant improvements in learning outcome for 
students in the OBSY group in comparison to the control 
condition. Regression analysis showed that students who 
used OBSY had statistically significant higher learning 
outcomes (ȕ = .359, p < .001) in science than the control 
group. They also showed a significant improvement in 
conceptual knowledge based on the evaluation of concept 
maps (ȕ = .590, p < .001).  The scope of this paper however, 
focuses on the results from the qualitative evaluation, as our 
main aim is to provide a better understanding from a HCI 
perspective, of how ubiquitous learning and mobile 
technology can be better designed and used to facilitate 
education for rural students. 
The qualitative evaluation involved detailed observation of 
how students in the OBSY group interacted with their 
friends, teachers and the technology during the learning 
activities. The research team took video recordings of the 
group activities to capture valuable insight into their 
interactions with OBSY. In addition, interviews were carried 
out with teachers to investigate topics such as their opinions 
about using OBSY in the classroom, their perception towards 
OBSY and how they would like to see OBSY improved 
further. Afterwards, group discussions were carried out with 
the students to determine what factors led to their interest and 
engagement with OBSY and to identify potential uses of 
OBSY within and beyond the classroom setting. 
Overall, qualitative data (around 122 hours) was collected 
from the observation notes, video recordings, interviews and 
group discussions with the teachers and students from an 
initial usability test and the final evaluation study. Data from 
these sources were then analysed using thematic analysis. 
The data was read through independently by two researchers. 
Common patterns in the data were identified through coding 
and further refined into themes as part of the thematic 
analysis process. Afterwards, the themes were further refined 
through critical discussion with an additional third researcher 
to ensure reliability.  
Key reflections and insights from the iterative study 
process 
The themes identified from the analysis were further grouped 
and presented in three main categories. The first relates to the 
design concept of blending anthropomorphic qualities to the 
ubiquitous sensor-based learning devices to encourage 
learning curiosity for young students and the potential role 
this has in WUDQVIRUPLQJ ³OHDUQLQJ GHYLFHV´ LQWR ³learning 
companions´. The second relates to how the sensor-based 
technology can be used to augment the existing mobile 
learning system and help enrich learning by creating a rich 
experience and personally relevant learning environment. 
The final concept is related to the creation of a shared 
interaction space to encourage learning experiences that are 
rich in social interaction. 
Anthropomorphizing the sensor-based learning devices to 
encourage learning curiosity 
A key concept which emerged from the studies was the 
benefit of adding anthropomorphic qualities to the ³devices´
within the ubiquitous-sensor context to drive learning 
curiosity among younger children. It was highlighted by the 
teachers during the interviews that one of the key strengths 
of OBSY was the ability to naturally draw in the attention of 
younger children. In particular, the teachers believed that the 
aesthetic qualities of OBSY which had a form factor similar 
to that of cartoon characters, combined with eye catching 
colours and doll-like appearance helped improve 
approachability which in turn helped motivate children to 
engage with OBSY by tapping into their natural curiosity. 
³The children liked OBSY and the equipment was attractive 
to the students. They kept asking what this equipment 
GRHV«7KH curiosity towards OBSY draws in crowds of 
VWXGHQWV´24 years old, teacher in rural school, man, 
evaluation study) 
³Children were always interested in the form/shape of 
2%6<«WKH\ZHUHH[FLWHGDQGZDQWHGWRWDNHSDUWGXHWR
WKHLUFXULRVLW\´25 years old, teacher in rural school, 
woman, evaluation study) 
Although the use of anthropomorphic qualities to engage 
younger children in education is not a novel concept (as seen 
in smart toys etc. [31, 43]), it is interesting to note how this 
concept could also be applied to sensor-based learning 
devices. In particular, our results suggest that the 
anthropomorphic qualities on these devices could be further 
enhanced by the features of ubiquitous-sensor itself. By 
being able to obtain, share and display data seamlessly, the 
range of human-like qualities on such devices could be 
extended beyond just the aesthetics into ³behavioural 
aspects´ as well. For instance, the simple act of connecting 
the ³H\H´ and ³WHQWDFOHV´ of OBSY with a camera and 
various sensors and then displaying the information on the 
tablet gave the students the impression that OBSY was 
³DOLYH´: DEOH WR ³VHH´ DQG ³IHHO´ the environment. Studies 
show how adding such qualities could encourage children to 
perceive the device DVPRUHRID³OLYLQJEHLQJ´ [16], similar 
to that of an approachable pet.   
This aspect was frequently reflected throughout the studies. 
In some cases, students interacted with OBSY not as a piece 
of learning technology, but more as a ³companion´. One 
memorable instance was when students were presented with 
OBSY during the interviews in the feasibility study, they 
UHDFWHGWR2%6<¶V³KXPDQ-OLNH´DWWULEXWHVE\SODFLQJDWR\
umbrella over OBSY (perhaps thinking it was hot). In 
another instance, students placed two OBSY devices close 
together and engaged in roleplaying a situation where the 
two OBSY were talking to each other (see Figure 7). 
 
)LJXUH6WXGHQWVLQWHUDFWLQJZLWK2%6<LQD³KXPDQ-OLNH´
manner during the interviews 
In other cases, we noticed how students displayed an 
empathic attitude and showed affection when they talked 
about OBSY. Some reported wanting to be able to feed 
OBSY when it is hungry. 
³,ZDQWLWWRHDWZKHQLWLVKXQJU\,ZDQWLWWREHDEOHWR
VPHOODQGJURZXS´6WXGHQW5\HDUVROGJLUO, group 
discussion, the feasibility test)  
The value of the anthropomorphic qualities was further 
highlighted during the discussions with students and teachers 
about how they would like to see OBSY improved. Due to 
the anthropomorphized form factor of OBSY, it might not be 
surprising to find a number of these desirable elements 
expressed by young students were aimed at enhancing 
2%6<¶Vhuman-like abilities (for instance, wanting OBSY 
to be able to walk around). What was particularly interesting 
was to see how students also wished to see the learning 
content itself being H[SUHVVHG WKURXJK ³KXPDQ-lLNH´
behaviours and interactions. For instance, students did not 
only want to learn about scientific concepts such as the 
temperature and humidity by measuring them and viewing 
the data on the tablet, they wanted OBSY to be able to 




old, girl, group discussion, an initial usability test´ 
In another example, when talking about how they would like 
to use OBSY to learn other classroom subjects, students 
mentioned wanting OBSY to be able to actually ³WHDFK them´
the subjects. 
³,ZDQWWRXVH2%6<WROHDUQ(QJOLVKEHFDXVHWKHQLWZRXOG
EHDEOHWRVSHDN(QJOLVKWRPH´Student R5, 9 years old, 
girl, group discussion, the final evaluation study) 
These examples suggest that a more attractive learning 
environment can be designed for young children by blending 
in educational content within the ³KXPDQ-OLNH´behavioural 
features. 
The findings also indicated that adding anthropomorphic 
qualities to the sensor-based learning devices has the 
potential to allow simple sensor-tools to embody some of the 
characteristics of a ³OHDUQLQJcompanion´ >@.  The playful 
interactions, discussions and empathic attitude the students 
had towards OBSY suggested that some may have come to 
view OBSY as a ³friendly companion´ within the learning 
space. Such companions could help reduce anxiety and make 
learning more engaging [18]. Although artificial learning 
companions in the context of young learners have been 
explored previously where more complex robotic devices 
were developed and deployed [7, 23], this study gives 
examples of how low-cost 3D printed devices designed with 
anthropomorphic qualities can exhibit similar features and 
may have similar advantages in learning outcomes. 
Overall, our findings suggest a number of benefits from 
anthropomorphizing ubiquitous sensor-based devices used in 
learning. At the most basic level, this could make the devices 
more inviting for children as sensing devices with human-
like attributes might naturally provoke curiosity among 
children, making learning more interesting. Even within 
highly structured lessons (such as the science learning 
activities in the final evaluation study) where students used 
OBSY as a tool to complete their assigned tasks, the 
familiarity and attachment created through previous play 
sessions could make students more receptive and perceive 
OBSY DVOHVVRID³VHULRXVOHDUQLQJWRRO´.  
Using sensor-based devices to bring e-learning into the 
OHDUQHU¶V physical world 
The discussions with students and teachers highlighted the 
importance of employing an experience rich approach 
towards learning in which students are able to obtain 
knowledge from authentic learning tasks and take active 
ownership of their learning experience. This is particularly 
challenging considering the traditional teaching paradigm 
commonly employed in Thai schools where the teachers are 
mainly in charge of the learning experience and students are 
typically taught to memorize information [55].  In the areas 
of maths and science in particular, there has been a demand 
for more interactive hands-on learning activities to teach 
students scientific concepts and help foster critical thinking 
skills [4]. However, this could be difficult in underdeveloped 
areas, where schools typically lack proper scientific 
equipment necessary to organize such activities.  
The results from our studies underlined a number of 
advantages a ubiquitous sensor-based learning system could 
have in enhancing the traditional learning approaches at 
these schools. A key strength observed in the study was the 
ability to help move learning beyond the conceptual area 
from the virtual domain (e.g. in books or instructional videos 
etc.) into the physical domain. Unlike traditional e-learning 
tools where information is confined mostly to videos and 
text-based contents, we observed how sensor-based devices 
can be used to facilitate a more experience rich learning 
environment where young students are able to ³REVHUYHDQG
experience´ certain scientific concepts hands-on.  
³I think that students are able to learn concepts such as 
percentages and temperature better in a natural setting, by 
actually experiencing those concepts. Such experimental 
style education is not commonly used [in Thai Schools]´
(55 years old, teacher in a rural school, woman, evaluation 
study) 
Although prior studies have demonstrated how physical 
world objects (such as plants) could be augmented with 
educational information through the use of mobile devices 
and RFID tags [36, 41] , the observations from our studies 
showed that abstract scientific concepts could also be 
meaningfully expressed and used for learning through 
ubiquitous-sensor based devices. In particular, scientific 
concepts can be made more concrete through visualization 
DQG FDQ EH ³manipulated and experienced´ through a 
relevant context. For instance, students were taught about the 
concept of time, first by visualization (a rendering of an 
analog clock was used in the tablet to represent time and the 
day/night cycle was represented through a graphic rendering 
of a mountain during the day/night period), then by 
manipulating it (i.e. setting specific time intervals for OBSY 
to take photos of plants) and finally by experiencing and 
reflecting upon it through an easily understood context, 
(which in this case was by watching how plants grow as time 
passes). In another example, students learnt about light by 
experimenting to manipulate light intensity in the physical 
world. 
While some members of the group were reading the value of 
light intensity from the tablet, other members of the group 
tried using a piece of paper to cover the light from a mirror 
in the room and others tried closing the window to reduce 
the light input on the sensors (9-11 years old, 5 girls and 1 
boy, observation video, the final evaluation study) 
Therefore, the use of sensor-based learning devices in this 
study allowed students to have more interaction with the 
content, potentially resulting in an engaging and active 
learning experience. Such findings mirror the arguments 
presented in [52]. 
Another key benefit which was observed when using OBSY 
was that it enabled students to learn from examples which 
are relevant to their daily environment, thus providing more 
personalized ownership of their learning experience. For 
example, tKH FRQFHSW RI ³SODQW OLIH´ was not taught using 
generic examples (such as those shown in textbooks and 
videos), but from examples of plants which can be more 
frequently found in the local community. Interviews with the 
teachers at the end of the evaluation study emphasize some 
of these benefits. 
³,WKHOSVWKHPWRVHHWKHUHDOZRUOGUDWKHUWKDQZDWFKLQJ
video clips from YouTube. Video clips from YouTube have 
been used in the past to show plants growing and animal 
life cycles but they lack a connection to the students 
because the environment is different.´\HDUVROG
teacher in a rural school, woman, feasibility test) 
Taking this concept a step further, some of the teachers had 
even suggested that such a learning system could help 
expand the learning environment beyond a teacher-
classroom context and help create a situation where students 
partake in learning from their local communities at their own 
initiative. 
³I feel that OBSY could be useful in encouraging learning 
outside the classroom context, to evoke curiosity and 
encourage them to use it to obtain new knowledge. Students 
even come to check on the mushrooms during their lunch 
break.´ (25 years old, teacher in rural school, woman, the 
final evaluation study) 
Similar interests in using OBSY for this purpose were also 
reflected by the students. For instance, when asked about 
using OBSY outside the classroom context, students reported 
being interested in using OBSY to observe the local animals 
and plants at their own homes. Overall, we believe such 
examples highlight the potential of sensor-based learning 
devices in transforming everyday objects and activities into 
learning opportunities.  
Encouraging rich social learning experiences through 
shared learning spaces 
Another key concept which emerged from the design and 
evaluation of OBSY was how the ubiquitous-sensor platform 
can help extend the tablet based learning space into a 
physically sharable learning space. This allows the 
educational content to be augmented with meaningful 
information from peer-based social interaction. While in the 
previous section we discussed the potential of the technology 
in facilitating rich learning experiences for individual 
students, our finding are in line with [52] and also suggested 
that the ubiquitous sensor-based platform can help create 
shared interaction spaces which allow these learning 
experiences to be meaningfully shared and discussed with 
others [11]. 
For instance, in the OBSY mediated learning activities (in 
the feasibility and usability studies), we observed that the 
ubiquitous sensor device seems to help extend the learning 
space beyond the tablet screen. Due to the active 
involvement required in manipulating the ubiquitous sensor 
device to collect meaningful data, the students¶DWWHQWLRQDQG
interaction were directed not only to the content within the 
tablet, but were also diffused into a shared space surrounding 
both the tablet and the sensor device. In a typical interaction 
scenario in the evaluation study, we observed that students 
interacting with the tablet also discussed the readings 
(temperature etc.) with nearby friends and gave guided 
instructions to others to better manipulate OBSY.  
 
Figure 8. A typical interaction scenario shows that shared 
learning spaces were formed around the tablet and 
ubiquitous-sensor device  
Some students also naturally took on supportive roles by 
helping each other adjust the camera and sensors to gather 
better information (see Figure 8). 
One key advantage from these shared interaction spaces was 
that it enabled the learning content to be shared and discussed 
meaningfully between the students. In a sense, this allowed 
the educational content to be further augmented with 
meaningful information from physically situated peer-based 
social interaction. For example, we observed in one instance 
that the scientific concept, ³OLJKW LQWHQVLW\´ was conveyed 
from one student to another through both verbal and non-
verbal interactions in the physical space while they were 
interacting with OBSY.  
A boy waved his hand up and down when he explained to 
his friends about how much light was captured by OBSY. 
The hand movement referred to the intensity of the sunlight: 
moving up when he referred to the high intensity of the light 
and moving down when he referred to the low light 
intensity. (8 years old, 5 girls and 1 boy, group observation, 
an initial usability test) 
In addition to the social interactions directed towards the 
learning content, we also observed other instances of 
complex group interactions. This included instances such as 
resolving conflicts, achieving consensus, delegating tasks 
and sharing access and accomplishments.  
 ³:KHQDWHDFKHUDVNed the students to find out what the 
temperature was the day before, students looked at the 
captured images in the image gallery on the tablet device. 
They faced the difficulty of selecting an image because they 
had many options. They discussed which the best image 
was. Student R2 who appeared most confident made the 
decision. Other students agreed ZLWKVWXGHQW5¶VGHFLVLRQ
E\QRGGLQJ´8 years old, 5 girls and 1 boy, group 
observation, an initial usability test) 
The benefits of social interaction in these shared interaction 
spaces were mentioned during the teacher interviews in the 
final evaluation study. For instance, one teacher stated that 
there is a natural tendency for children to be social in their 
learning process (running to each other to discuss concepts 
etc.) which OBSY helped support. In addition, the teachers 
also mentioned that social interactions within these spaces 
could help shift teacher-student relationships in classroom 
learning. Students took more responsibility in organizing the 
learning activity and helping guide their peers. They 
perceived the teacher more as a facilitator with whom they 
were willing to share new discoveries or findings. Another 
benefit of the extension of the learning space was that it 
provided opportunities for students who would have been left 
out in a conventional Thai classroom context to also have an 
active role in the learning process. In particular, this provided 
an opportunity for less confident students to participate in the 
study. An example of this was shown when one student 
decided to get involve, joining in the interaction after quietly 
watching other students complete the task of capturing the 
image.  
Overall, this led us to consider further the use of tablet 
computers in learning. Even though providing each 
individual with their own devices has many distinct 
advantages in education >@, the benefits of the shared 
learning space should not be overlooked. Perhaps within a 
classroom context, it might not always be desirable to design 
a learning context in which every individual student works 
on his/her own tablet but there should also be room to 
support shared interaction spaces as well. 
DISCUSSION AND CONCLUSION 
This paper presented the results of a three-year study in 
which an educational platform, based on ubiquitous learning 
and mobile technology was designed, developed and 
implemented to help facilitate science learning in 
underdeveloped areas in Thailand.  The main contribution of 
this study is to provide insights into how such educational 
platforms could be best designed and used to facilitate 
learning in primary schools in Thailand. The results also 
suggested that providing ubiquitous sensor devices with 
anthropomorphic qualities could be beneficial in helping 
encourage FKLOGUHQ¶V curiosity towards learning. In 
particular, the observations and interviews suggested that 
having a form factor that was similar to cartoon characters or 
dolls helped tap into the students¶ curiosity and motivation 
which encouraged them to be engaged with the learning 
technology. Sensor-based learning devices could also be 
used to transform conventional classroom learning into a 
more experience rich and personally relevant learning 
environment. This can help move learning beyond the 
conceptual/theoretical area and enable students to learn 
through hands-on experience. Moreover, the interviews and 
observations suggested that in the learning activities, using 
the ubiquitous sensor platform to observe objects local to 
their community allowed students to learn from examples 
more relevant to their daily life. Finally, we observed the 
formation of a shared-learning space through the use of the 
tablet and sensor-based learning device which encouraged 
rich social interaction and led to a more authentic group-
based learning experience. 
Limitations  
Although we have reported mainly the key benefits of using 
ubiquitous sensor-based technology in learning through our 
studies, we have also identified some barriers which posed 
as limitations to our study and could hinder the application 
of this platform. First, to enable more advanced learning 
activities to be integrated into the educational platform (for 
instance, to teach older students), the technical capability of 
the current device would need to be expanded further (more 
expensive sensors and processing capacities etc.) thus 
potentially increasing the cost. The current device, designed 
specifically around low-cost hardware and open-source 
software, costs around$60 per unit (though this cost could 
be decreased through mass-production). Future longitudinal 
studies would be needed, however, to more accurately 
evaluate the long-term cost and viability of this technology, 
in particular, when OBSY is used in a wider array of learning 
subjects. In addition, although we encountered few usability 
and technology acceptance problems in our study, we did 
observe that there were teachers who had less prior 
experience with technology and were anxious about using 
new technology. The technical constraints of the OBSY 
prototypes also resulted in some limitations to the learning 
activities carried out during this study. For instance, as there 
was no alternative power source (such as a rechargeable 
battery) students were limited to certain areas which they 
could deploy their observation activities. Additionally, 
issues of privacy and data security would need to be 
considered more in depth [27].  
There are a number of limitations regarding the applicability 
and generalization of the results in this study. As we focused 
on primary school students (aged 6-9), whether the findings 
in this study could be applied to older students will need to 
be further investigated. In particular, as the design of OBSY 
system was based on the Thai educational context, whether 
the findings could be generalized to communities with other 
cultural backgrounds and whether OBSY could be integrated 
with the learning culture of different countries would need to 
be determined.  In addition, the learning activities in this 
study were carried out within one semester and focused on 
science related learning activities. Further studies would be 
needed to investigate the appropriate application of this 
device to concepts in other subjects and for longer periods. 
Future Work 
We have also identified some promising future research and 
design directions for ubiquitous sensor-based learning 
technology. For instance, it had been suggested that the 
DGGHG HQJDJHPHQW IURP WKH DQWKURSRPRUSKL]HG ³WKLQJV´
have the potential to help encourage learning outside the 
classroom.  In particular, integrating a layer of play within 
the learning experience could provide further motivation for 
students to engage in self-learning activities [61]. Therefore, 
it would be interesting to investigate different aspects of 
anthropomorphism to see which could be implemented in a 
low-cost manner in educational ubiquitous sensor devices. In 
addition, researchers could also explore new ways in which 
sensor-based educational devices could be used to bring 
learning content into the physical world, thus allowing 
advanced abstract concepts to be more easily understood. 
Perhaps, hypothetical scenarios could be created through 
computer simulations >, , @ to help students 
experience and test concepts in other fields such as social 
science or history. Another important topic which we believe 
could greatly enhance the value of ubiquitous learning 
devices would be to find novel ways to integrate social 
learning through networked smart objects. For example, the 
integration of sensor-based learning systems with IoT 
(Internet of Things) technologies could be done to allow 
either different people from the same community or students 
from different regions to generate meaningful knowledge 
together to augment the learning content.  
In conclusion, we believe that our study has demonstrated 
how a ubiquitous sensor-based learning device can be 
designed and used to facilitate education in underprivileged 
parts of developing countries and more should be done to 
further explore this potentially fruitful research area. 
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